Staphylococcus aureus is commonly involved in food poisoning due to production of toxins responsible for causing animal and human diseases. In this study, 60 strains of presumptive S. aureus isolates from raw milk and cheese were biochemically identified in four dairies: 54 (90%) from refrigerated raw milk (RRM) with counts exceeding 10 6 CFU/mL, and six (10%) from cheese with similar concentrations of CFU/mL. Out of the 60 strains of presumptive S. aureus, 46 (76.7%) amplified the femA gene and then they were investigated regarding the presence of the Toxic Shock Syndrome Toxin-1 (TSST-1) gene and the classical enterotoxin genes (SEs) types A, B, C, D and E: 31 (67.4%) carried one or more encoding toxin genes, and 13 different genotypes were identified. Twenty-one strains (61.8%) carried one gene; three (8.8%), two genes; seven (20.6%), three genes; two (5.8%), four genes; and one (3%), five genes. The sec gene was the most frequent one, followed by seb and tst. The sed gene was expressed by 10 strains (29.4%), sea by five (14.7%) and see by three (8.8%). The S. aureus isolates showed genetic potential for producing toxins of importance for public health that presented a danger of food poisoning.
INTRODUCTION
Milk and cheese are widely consumed and appreciated foods around the world. Mozzarella cheese is widely used in Brazilian cuisine in hot dishes and sandwiches and coalho cheese is a popular dairy product consumed in the Northeast region of Brazil (Andreatta et al., 2009 , Silva et al., 2012 . Because cow's milk contains lipids, proteins, amino acids, vitamins and minerals (Haug et al., 2007) it is considered to be an excellent culture medium for development of a variety of microorganisms. Among the main microorganisms that contaminate milk and dairy products, staphylococci stand out. The presence of this pathogen in the mammary glands of cows, especially as the etiologic agent of bovine mastitis, makes milk and dairy products great vehicles for its dispersion in Brazil (Martin et al., 2016) . Staphylococcal poisoning is the most frequent cause of food-borne disease (FBD) outbreaks in many countries (Kadariya et al., 2014) . It occurs after ingestion of food containing preformed enterotoxins, and raw milk, pasteurized milk and cheeses can be highlighted as the dairy products most incriminated (Le Loir et al., 2003; Oliver et al., 2005) .
CDC estimates that each year roughly 48 million people gets sick from a food-borne disease (FBD) (Scharff et al., 2016) . Food handlers represent an unquestionable link in the epidemiological food poisoning chain. They also play the role of a hygienic-sanitary indicator in the food industry, since they represent the main source of propagation (Kadariya et al., 2014) .
Several studies have reported highest prevalence of CPS in dairy products in Brazil (Rall et al., 2008; Moraes et al., 2009; Guimaraes et al., 2013; Nunes and Caldas, 2017) .
Staphylococci can produce several toxins. Among them are the classical staphylococcal enterotoxins (SEs) (SEA, SEB, SEC, SED and SEE), which are responsible for most food poisoning cases presenting clinical conditions of vomiting, diarrhea, nausea and generalized debility. They can also produce Toxic Shock Syndrome Toxin-1 (TSST-1), which is responsible for multisystemic disorders and can lead to death due to lethal shock if not properly treated (Ortega et al., 2010) .
The first aim of this study was to quantify coagulasepositive Stafilococci (CPS) in the production lines of dairies producing cheese and identify S. aureus isolates by biochemical and molecular methods. The second objective was to analyze the frequencies of the genes that encode for production of the classical SEs (sea, seb, sec, sed and see) and for TSST-1 (tst) in isolated strains of S. aureus isolates.
MATERIALS AND METHODS

Sampling procedure
One hundred and twenty samples were collected from four dairies, called A, B, C and D, in the state of Maranhão, Brazil. All factories were inspected by the state or federal inspection service, and produced cheese of mozzarella or coalho type from pasteurized milk.
Each dairy was visited five times, so the samples were taken from five different production batches. During each visit, two samples of refrigerated raw milk (RRM), two samples of pasteurized milk (PM) and two samples of coalho cheese (dairy A) or mozzarella cheese (dairies B, C and D) were taken. In total, 40 samples were of RRM, 40 of PM, and 40 of cheese (30 of mozzarella and 10 of coalho). The samples of refrigerated raw milk and pasteurized milk were taken from the reception tank and from the pasteurizer outlet, respectively, and kept in sterile 250 mL flasks; the cheese samples were taken after they were wrapped, in portions of 250 g. All samples were taken to the Food and Water Microbiology Laboratory in cool boxes and kept for 2 to 12 h at <4°C until microbiological analysis. ) of each sample were inoculated in dishes with Baird-Parker agar (Himedia), supplemented with egg yolk and potassium tellurite (Himedia), and were incubated at 37ºC for 48 h. After this period, typical colonies were counted and tested for Gram staining, catalase and free coagulase; the positive samples were identified as presumptive coagulase-positive Staphylococci. To biochemically identify S. aureus, all the CPS colonies were tested for Voges-Proskauer (VP) reaction and maltose and trehalose fermentation. The colonies with positive results were identified as presumptive S. aureus (Garcia, 2010) .
Quantification of coagulase-positive staphylococcus and biochemical identification of S. aureus isolates
Molecular confirmation of presumptive S. aureus isolates and toxigenic genes investigation
The isolates of S. aureus were grown in BHI broth, at 37°C/24 h. After the incubation period, 1 mL of each growth was transferred to 1.5 mL microcentrifuge tubes (Axygen) and DNA extraction was performed using the Wizard Genomic DNA Purification (Promega) commercial kit according to the manufacturer's instructions for Gram-positive bacterial genomic DNA extraction. The extracted DNA was stored at -20ºC until its use.
Amplification of the 132 bp fragment of the femA gene (Mehrotra et al., 2000) was performed by PCR to confirm the biochemical identification of S. aureus isolates.
The reaction was carried out in a final volume of 25 µL, with 2.5 µL of 10x reaction buffer (100 mM Tris-HCl at pH 8.3 and 500 mM KCl), 2 mM of MgCl 2 , 200 µM of each dNTP, 20 pmol of each of the oligonucleotide primers femA-1 and femA-2 (Table 1) , 2.5 U of Taq DNA polymerase (Invitrogen, Brazil) and 5 µL of the template DNA at a concentration of approximately 200 g/μL.
The DNA amplification was performed in a Biocycler thermal cycler, under the following conditions: initial denaturation at 94ºC for five minutes, 35 amplification cycles (denaturation at 94ºC for two minutes, annealing at 57ºC for two minutes and extension at 72ºC for one minute) and a final extension at 72ºC for seven minutes.
In order to investigate the SE genes (sea, seb, sec, sed and see) a multiplex PCR was performed in a final volume of 50 µL was performed according Becker et al. (1998) . In short, we used 5 µL of 10x reaction buffer (100 mM Tris-HCl at pH 8.3 and 500 mM KCl), 3 mM of MgCl 2 , 160 µM of each dNTP, 20 pmol of each of the SEA, SEB, SEC, SED and SEE primers (Table 1) To investigate the tst gene, PCR reaction was performed in a final volume of 25 µL according Mehrotra et al. (2000) . In short 2.5 µL of 10x reaction buffer 10x (100 mM Tris-HCl was used at pH 8.3 and 500 mM KCl), 2 mM of MgCl 2 , 200 µM of each dNTP, 20 pmol of each oligonucleotide primer (TSST-1 and TSST-2), 2.5 U of Taq DNA polymerase (Invitrogen, Brazil) and 5 µL of the template DNA at a concentration of approximately 200 g/μL.
From all the reactions, ten microliters of the amplified product were loaded onto 1% agarose gel with ethidium bromide (10 mg/mL) and underwent electrophoresis in TBE buffer (0.09 M TrisHCl, 0.09 M boric acid and 2 mM EDTA, at pH 8.0), at 150 V for two hours. The amplified DNA was observed under ultraviolet light and the images were digitalized. A 100 bp ladder (Invitrogen, Brazil) Table 1 . Nucleotide sequences and sizes of products from the genes investigated in the S. aureus isolates. was used as standard molecular weight.
Gene
RESULTS
Quantification of coagulase-positive Staphylococcus (CPS) and identification of S. aureus
CPS counts and identification of S. aureus are reported in Table 2 . For CPS quantification, results are expressed as mean of two samples for each food. High CPS concentrations were observed in all 40 samples (100%) of RRM, with counts ranging from 1.7 × 10 4 to >10 6 CFU/mL. Twenty-six samples (65%) shown S. aureus contamination. From this total, 54 strains of the pathogen were biochemically identified. In pasteurized milk S. aureus was not isolated but 8 (20%) out of the 40 samples analyzed presented CPS contamination with counts as high as 1.6 × 10 4 CFU/mL. All 40 (100%) of the mozzarella and coalho cheese samples also presented CPS contamination, with counts between 2.7 × 10 3 and >10 6 CFU/g. Six isolates of S.
aureus were identified by biochemical tests, five from mozzarella cheese and one from coalho cheese. Sixty presumptive S. aureus isolates were investigated by PCR in order to confirm the identification and search for toxins genes. The effectiveness of the molecular protocols is shown in Figure 1a and b. The individual amplification of each gene investigated was observed (femA, sea, seb, sec, sed, see and tst) , as well as the specific and simultaneous amplification of the five classical SE genes through multiplex-PCR.
Among the 60 isolates, 46 (76.7%) amplified femA: 41 were from RRM, four from mozzarella cheese and one from coalho cheese. Table 3 shows the results about toxin encoding genes. Among the 46 strains, 34 (74%) expressed one or more genes: 31 isolated from RRM and three from the mozzarella cheese. Twelve strains (26%) did not express any gene. All the toxin genes investigated (sea, seb, sec, sed, see and tst) were detected in the strains of S. aureus isolated from RRM. The three isolates from mozzarella cheese amplified only the gene responsible for the production of TSST-1; the sea gene was observed only in association with other genes, in contrast with the seb, sec, sed, see and tst genes, which were expressed separately.
Identification of the Staphylococcal toxin encoding genes
Thirteen different genotypes were obtained. The most frequent genotype was tst, which was present in 10 strains of S. aureus, of which seven were from RRM and three from mozzarella cheese. Twenty-one strains carrying a genotype with one toxin gene, three strains with two genes (seb + sec or seb + sed) and seven strains with three genes (sea + seb + sec; sea + sec + tst; seb + sec + sed; or seb + sec + tst) were observed.
The genotype encoding four toxins (sea + seb + sec + tst) was detected in two strains, and one strain of S aureus expressed all five SE genes (sea + seb + sec + sed + see).
In Figure 2 , the frequency of each of the genes investigated can be observed, independent of whether the expression was isolated or simultaneous. Out of all the genes investigated, sec was the most frequent one, observed in 15 strains (44.1%); followed by seb and tst, each in 14 (41.1%) strains; sed in 10 (29.4%), sea in five (14.7%) and see in three strains (8.8%) of S. aureus.
DISCUSSION
The highest percentage of S. aureus strains was isolated from the RRM samples. This was an expected result because all the samples presented high CPS contamination, with counts above 10 6 CFU/mL. This high CPS concentration could have occurred because this food is susceptible to contamination, particularly during the milking process, from the person performing the operation, from the utensils and equipment used, and even from one animal to another, especially in cases of mastitis in herds (Hait and Bennett, 2012) . Borges et al. (2008) also found that 100% of the RRM samples from a dairy in Ceará (Brazil) were contaminated by CPS with values between 10 3 and 10 6 CFU/mL. According to Sommerhäuser et al. (2003) , the microbiological quality of milk is directly related to the hygiene of the milking process. The hygiene begins with the herd's health, since many illnesses of dairy cattle affect the original composition, flavor, smell, viscosity and microbiological quality of the milk. Another aggravating factor is inadequate storage and temperature during transportation between the farm property and the dairy, which may contribute to multiplication of the contaminating microorganisms that were present at the time of the milking.
Although the law does not set limits for the presence of pathogenic microorganisms in RRM, according to FDA, in foods with CPS counts from 10 5 CFU/mL the presence of staphylococcal enterotoxin is likely (Hait and Bennett, 2012) . Therefore, the counts measured in the present study could pose a great risk of presence of SEs in RRM, which could reach the cheese, even after the pasteurization process, which eliminates bacteria but does not destroy the toxins produced. The thermal stability of staphylococcal toxins favors endurance of these proteins in the thermal process, with the ability to withstand temperatures as high as 100ºC for 30 min, thus remaining active in foods (Balaban and Rasooly, 2000) and causing harm to human health.
S. aureus was not isolated in pasteurized milk and only a small number of samples presented CPS contamination, suggesting that the pasteurization process contributed to reduce the concentration of undesirable microbiota.
Although the pasteurization process ensures destruction of the lineages of S. aureus that were originally present in the RRM, this bacterium may be found in PM if there is any flaw during the processing, leading to a cross-contamination and/or storage at inappropriate temperature (Corbia et al., 2000) .
A study carried out in the state of São Paulo found that 38 (70.4%) out of 54 RRM samples presented CPS concentrations as high as 8.9 × 10 5 CFU/mL. There were eight PM samples with counts as high as 8.7 × 10 3 CFU/mL (Rall et al., 2008) . Those values were lower than those found in the present study, which have found counts greater than 10 6 CFU/mL and 3.2 × 10 4 CFU/mL for RRM and PM, respectively.
The results from the cheese samples showed that 100% did not meet the standards required by Brazilian law (Brasil, 2001) , which set limits for CPS in coalho and mozzarella cheese of up to 5×10 2 CFU/g and 10 3 CFU/g, respectively. Despite the low frequency of S. aureus isolation in cheese samples (coalho and mozzarella), high CPS concentrations pose a threat to public health because the production of toxins is not restricted only to the species S. aureus. Other CPS species can also (ICMSF, 1980) , S. aureus counts between 10 3 and 10 4 CFU/g indicate a risk to public health. Values close to 10 5 CFU/g signify an epidemiological threat because of the possibility that enterotoxins might be present in quantities that are enough to cause staphylococcal intoxication, if the strain of S. aureus is toxigenic.
Post-pasteurization contamination occurs mainly due to inappropriate handling, lack of hygiene and deficient cleaning and sanitation of the equipment and utensils used in cheese production. Pelisser et al. (2009) highlighted that one of the main sources of CPS contamination in cheese are the handlers' hands and forearms, due to deficient hygienic-sanitary control and no use of gloves during the processing.
Molecular characterization of Staphylococcus isolates showed that genetic analysis is more specific than biochemical tests in identifying this microorganism.
In a study carried out on dairy farms in various municipalities in the state of Minas Gerais, 100 strains of CPS were isolated. Among these, 77 were characterized as S. aureus by biochemical tests but 83 strains amplified the femA gene (Lange et al., 2011) .
Several studies have explored the femA gene as a specific marker for S. aureus genotypic identification (Mehrotra et al., 2000 , Riyaz-Ul-Hassan et al., 2008 , Fischer et al., 2009 , Pelisser et al., 2009 , given that this gene takes part in biosynthesis of the pentaglycine interpeptide bridge that is characteristic for the peptidoglycan of the cell wall of this organism (Johnson et al., 1995 , Moussallem et al., 2007 .
Despite the high sensitivity of biochemical identification for characterizing S. aureus, its specificity is not 100% satisfactory. It needs to be complemented with molecular studies on specific markers for the microorganism.
Presence of the toxin encoding genes was observed in 74% (34) of the strains of S. aureus with biochemical and molecular identification. A great number of genotypes were found, divided in 13 different groups, thus indicating great genetic heterogeneity between the isolates.
Considering that in the present study only six toxin genes were investigated, it can be seen that the percentage of toxigenic S. aureus was high. This suggests that a great number of circulating strains of this pathogen carry toxin encoding genes. This would explain the high numbers of food poisoning cases and other infections commonly caused by this pathogen.
Studies carried out across the world have shown significant percentages of toxigenic S. aureus. In evaluating 78 strains of S. aureus isolated from milk from two farms in Tennessee with regard to the frequencies of 16 enterotoxin genes (sea-see and seg-seq) and the tst gene, it was observed that 73 strains (93.6%) carried one or more genes, comprising 36 different genotypic groups (Srinivasan et al., 2006) .
In Italy, a study on 112 strains of S. aureus isolated from milk and dairy products found that 75 (67%) were positive for one or more SE genes (sea-see and seg-sel), divided into 17 genotypic profiles (Morandi et al., 2007) .
Regarding the tst genotype, which was the one with highest frequency in the present study, Cardoso et al. (2000) and Zafalon et al. (2009) suggested that there might be a relationship between S. aureus strains carrying the tst gene and occurrences of cows with mastitis, and usually also in association with SE genes. In this, production of TSST-1 seemed to have great importance for the virulence of the samples of this microorganism, thereby influencing the severity of the cases of mastitis. In a study carried out in Brazil on 127 strains of S. aureus isolated from cases of clinical and subclinical mastitis, it was found that TSST-1 was one of the toxins produced with highest frequency. This was identified in 60% (475) of the samples, followed by SED (30%) and SEB (19%) (Silva et al., 2005) . The presence of S. aureus carrying tst in refrigerated raw milk and in cheese could suggest that these isolates came from cows with mastitis, since TSST-1 has been associated with worsening of the inflammatory process of this illness among dairy cattle.
The strains of S. aureus that presented a genotypic profile with simultaneous presence of two to five toxin genes is a worrying finding because this shows the high pathogenic potential of these strains for production of different toxins, especially due to the high concentrations of the microorganism that were observed in all RRM and cheese samples.
In a study carried out in São Paulo on 132 strains of S. aureus isolates from raw milk, investigating the presence of the SE and TSST-1 genes, and the production of their respective toxins, 90 isolates (68.18%) were positive for one or two toxin genes, and 40 (44.44%) were capable of producing them in vitro (Chapaval et al., 2006) . Santana et al. (2010) reported that the risk of staphylococcal intoxication requires the presence of two factors: The food must contain staphylococci carrying the toxin genes with the ability to express this gene; and the microorganism counts should be higher than 10 5 CFU, under the conditions that allow toxin production in the food.
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The presence of strains of S. aureus carrying toxigenic genes does not necessarily indicate production of toxins at levels sufficient to cause food poisoning conditions, because the production could be influenced by various factors (Le Loir et al., 2003 , Hennekinne et al., 2012 , Bogdanovičová et al., 2017 . However, the presence of these genes is required for the microorganism to be able to produce them. The PCR technique makes it possible to evaluate the genetic potential for such production and also serves as a screening test for confirming the presence of toxins in immunological assays (Zafalon et al., 2009) .
Regarding the frequency of each gene investigated, the sec gene was the most prevalent, occurring in 15 strains (44.1%) of S. aureus, which was concordant with data from a study carried out in Germany, where 34 strains of S. aureus isolated from different dairy farms that amplified any gene (sea-see and tst) found that the sec gene occurred most frequently in 22 of the strains (64.7%), followed by the tst gene in 19 (55.8%) (Zschöck et al., 2000) .
Divergent results were presented by Rall et al. (2008) , who found that out of 57 strains of S. aureus isolated from raw and pasteurized milk, 39 (68.4%) were positive for at least one enterotoxin gene, among which the sea gene was the most frequent one, occurring in 16 strains (41%), followed by eight strains positive for sec (20.5%), five (12.8%) for sed, three for seb (7.7%) and two (5.1%) for see. Chapaval et al. (2006) also observed that the sea gene was the most frequent one in 90 strains of S. aureus, detected in 61 strains (67.78%), followed by tst in 38 (42.22%), seb in 30 (33.33%) and sec in five (5.56%), while no amplification of the sed and see genes occurred in any of the isolates.
The most frequently isolated staphylococcal enterotoxins from outbreaks of food poisoning are types A and D (Atanassova et al., 2001 ). In the United States, the enterotoxin A has been the type most involved, present in 77.8% of all outbreaks, followed by the enterotoxins D (37.5%) and B (10%) (Mathieu et al., 1991) .
Enterotoxin types A and B have been associated with the contamination from food handlers, while types C and D have been correlated with animal-borne contamination, especially from cattle and pigs (Najera-Sanchez et al., 2003) . Although outbreaks of staphylococcal intoxication have most commonly been attributed to ingestion of enterotoxin type A, and various studies have shown the prevalence of its respective gene, the data of the present study show that the sea gene was one of the least frequent ones, present only in five (14.7%) out of the 34 toxigenic strains of S. aureus.
The differences in occurrence of the toxin encoding genes between studies may be explained by the geographic distribution and ecological origin of the strains, as well as by the sensitivity of the detection methods and the numbers and types of samples (Fagundes et al., 2010) .
Based on our results, it can be concluded that all the genes of the classical enterotoxins (sea, seb, sec, sed and see) and the gene of the Toxic Shock Syndrome Toxin (tst) were identified in strains of toxigenic S. aureus, which presented high genetic heterogeneity and genetic potential for production of one or more toxins. All RRM and cheese samples from the dairies investigated presented high CPS counts. This suggests that the hygienic-sanitary quality was unsatisfactory and that a risk to public health could arise, due to the possible presence of toxins.
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